The treatment of choice for craniopharyngioma is still controversial and probably ought to vary in individual cases. Where the histological structure is benign a total removal has seemed an ideal to aim at. The lesion is, however, frequently adherent to the hypothalamus, to main cerebral vessels, and to the optic tracts as well as to the pituitary stalk, and attempts at total removal have resulted in a forbidding operative mortality even when the attempt was abandoned because the operation proved technically impossible. When apparently complete removal was achieved there was still a substantial recurrence rate (35 %) in the survivors (Gordy, Peet, and Kahn, 1949) . In many instances histological examination showed anaplastic cell growth and mitotic figures, malignant changes which precluded any serious attempt at surgical extirpation. The lesion usually consists of one or more cysts, though about one in 10 is a solid tumour. After incomplete removal of a cyst wall and aspiration of contents in most of the surviving patients the lesion recurred in three to six months (Ingraham and Scott, 1946) , although an occasional patient survived longer, even up to 13 years. Russell and Pennybacker (1961) 
The treatment of choice for craniopharyngioma is still controversial and probably ought to vary in individual cases. Where the histological structure is benign a total removal has seemed an ideal to aim at. The lesion is, however, frequently adherent to the hypothalamus, to main cerebral vessels, and to the optic tracts as well as to the pituitary stalk, and attempts at total removal have resulted in a forbidding operative mortality even when the attempt was abandoned because the operation proved technically impossible. When apparently complete removal was achieved there was still a substantial recurrence rate (35 %) in the survivors (Gordy, Peet, and Kahn, 1949) . In many instances histological examination showed anaplastic cell growth and mitotic figures, malignant changes which precluded any serious attempt at surgical extirpation. The lesion usually consists of one or more cysts, though about one in 10 is a solid tumour. After incomplete removal of a cyst wall and aspiration of contents in most of the surviving patients the lesion recurred in three to six months (Ingraham and Scott, 1946) , although an occasional patient survived longer, even up to 13 years. Russell and Pennybacker (1961) pointed out that the course was more variable in older patients, and that there might be spontaneous remissions lasting as long as 20 years, though 10 out of 24 patients were dead within 15 months of first being seen. The cause of deterioration was probably an increase in volume of cyst contents, though there was little to show how this came about. Oedema on a vascular basis was proposed to explain the fluctuations in the clinical state arising from solid tumours. In the younger patients at least simple aspiration, decompression, and ventriculo-cisternostomy (Torkildsen's operation) afford usually only temporary relief.
Although craniopharyngioma has frequently been regarded as radio-resistant, several workers have reported a useful result from radiotherapy on a small number of cases (Love and Marshall, 1950) with periods of survival up to eight years. Ingraham and Scott (1946) advocated irradiation instead of decompression for a later recurrence. Carpenter, Chamberlin, and Frazier (1937) in four cases aspirated the cyst and then irradiated it with doses between 1,000 and 3,500r over a long period. In their cases there was no recurrence in 17 to 30 months, whereas before irradiation the cysts required aspiration at intervals of three weeks to six months. Kramer, McKissock, and Concannon (1961) used two million volt rays by a rotation technique to irradiate the craniopharyngioma with doses of 5,500r over six weeks in children and of 7,000r over seven weeks in adults. Their results were startling. Nine out of 10 patients, including six children, were well after six years or more. One case had required re-aspiration. None showed clinical evidence of damage to the brain due to irradiation.
Our work was started before these last results were published. One aim of radiation therapy is to destroy the secretory epithelium so that a cystic craniopharyngioma does not re-form. Consequently we decided to use an isotope material whose effect would be largely restricted to the cyst lining whilst having insufficient penetrating radiation to affect nearby hypothalamic structures. One argument against this technique is that the craniopharyngioma is not always a unilocular cyst, but may consist of a number of thin-walled cysts, a complex multilocular cystic mass with some solid material, or a solid mass with no cystic spaces at all. Nevertheless the majority of cases do have one or more large cysts which can be emptied through a single aspirating cannula, and it is feasible to treat such a lesion by local injection of radioactive material.
The choice of isotope material was not difficult, for radioactive gold (198Au) in colloidal form which emits 95 % of beta-radiation with 0-96 Mev energy, and 5 % of gamma radiation with 0-41 Mev energy, would remain within the cyst cavity and is readily available. The maximum penetration of the beta particles is 3-8 mm. and the half value layer 0 3 mm. Assuming a cyst capacity of approximately 50 ml. it appeared to a first approximation that 100 millicuries would not exceed brain tolerance at a depth of 10 cm. although the cyst lining would be receiving a dose in excess of 20,000r. This dose was Experiences with r-adioactive gold in the treatment of c/raiiiophuaryngionia felt to be high enough to cause complete destruction of the epithelial lining; a useful dose of the order of 1,000r beta and 5,000r gamma would be received at a depth of 1 5 mm. but at a depth of 1 0 cm. the dose would be entirely gamma radiation and under 2,000r. Inevitably any calculation of dosage can only be approximate for it is almost impossible to estimate with any degree of accuracy what the capacity of a cyst is, or the degree of dilution of the injected radioactive material by residual fluid left after aspiration, and there is no certainty that the material is not deposited in one small area because of failure to mix completely. On the other hand the dose to the cyst lining being delivered by the radiogold within 3 8 mm. of the surface of the cyst is dependent on dilution, whereas the dose 10 cm. deep to the cyst surface, being pure gamma, is independent of dilution of radioactive material. For these reasons it was felt safe to calculate the dose of radioactive gold to be given from the gamma ray dose delivered to 1-0 cm. beyond the cyst lining, that is, in presumably normal neural tissue. Assuming a 4-0 cm. diameter cyst this dose was 2,430r gamma when the cyst contained 100 millicuries of radioactive gold.
METHOD
At a first operation the nature of the tumour was determined by inspection and aspiration, sometimes including biopsy. In three cases removal was attempted but was followed by recurrence. At a subsequent operation the frontal flap was again elevated and the frontal lobe retracted or a burr hole was used. In either instance the cyst was punctured by a cannula. The contents were washed out by barbitage with saline so that the cyst would not be lost. After it was fairly thoroughly washed out, as judged by the pale colour of the fluid and the lack of cholesterol crystals in the aspirate, colloidal gold was inserted and mixed well with the contents. The hole in the cyst wall was closed with a small piece of gelatine sponge.
CLINICAL MATERIAL
In none of the first four cases was the radioactive gold inserted as a primary procedure. All the cysts had recurred after apparently complete extirpation in one case, and partial removal and decompression in the other three. A mass of apparent tumour tissue covered the optic chiasma and extended upwards to replace the hypothalamus. The pituitary was smaller than normal. The thyroid was slightly smaller than average as were the adrenal glands and the testes. The lungs showed bronchopneumonia from which grew a heavy growth of coagulasepositive staphylococci insensitive to antibiotics. Histology of the pituitary gland showed no necrosis, fibrosis, or degeneration in either lobe. The anterior lobe had an increase of eosinophil and basophil cells and a reduction in chromophobes. The basophils often showed a pale eccentric paranuclear zone devoid of stainable granular material. The posterior lobe was unremarkable. Thyroid showed inactive glandular tissue with uniformly thinwalled vesicles distended with colloid. The testes had a normal prepubertal appearance ofthe seminiferous tubules with germinal cells normal in number, but no evidence of spermatogenesis. The interstitial connective tissue septa were thickened but there was no proliferation of Leydig cells.
The craniopharyngioma itself showed no remaining viable elements (Figs. 2, 3) . It consisted largely of necrotic tumour cells embedded in a fibrin net meshwork containing cholesterol clefts. The central part consisted of vascular granulation tissue which extended into the necrotic tumour at the margin of the mass. It was partly enclosed by a thick acellular fibrous capsule. Small processes of necrotic tumour extended through the capsule into surrounding brain tissue. They were sometimes calcified and commonly invested by foreign body giant cells. Several showed a resemblance to the benign calcifying epithelioma of Malherbe with retention of cell outlines in the necrotic epithelium. Gold was seen as black isotropic granules which were negative to the Prussian blue reaction and dissolved in potassium cyanide. The bulk of it was retained within the tumour, some being retained in the wall. A small amount lay within the immediately surrounding glial tissue. The granules were gathered in clumps indicating that they were mainly intracellular. In addition there was a moderate amount of haemosiderin pigment round the margins of the tumour. The surrounding brain tissue, including the medial nuclei of the thalamus, on both sides showed extensive fibrous gliosis and demyelination. This was associated with eosinophilic swelling of glial cells. Nerve cells of the medial thalamus were reduced in number and those remaining were completely degenerate consisting of barely recognizable pale ghost cells. Although there was focal haemorrhage into the tumour no vascular lesions were seen either here or in surrounding brain tissue.
In his conclusion to this report Dr. A. Hugh Cameron stated that in his view the appearances were that the irradiation from the colloidal gold had caused complete necrosis of the tumour and also severe degeneration of surrounding tissue. Death was due to staphylococcal tracheo-bronchitis. CASE 2 A coloured Jamaican boy of 12 years was admitted in November 1958 with seven weeks' history of vomiting and weakness of the left face, arm, and leg.
He was found to have papilloedema of the right eye, visual acuity being 6/18 on the right, normal on the left. A right carotid angiogram showed upward displacement of the carotid bifurcation with straightening of the syphon and elevation of the middle cerebral artery and also of the central veins. Through a right frontal craniotomy a large suprasellar cyst, extending laterally into the right Sylvian fissure, was tapped.
In January 1959 the craniotomy was reopened under hypothermia. The cyst wall was stripped in fairly large portions from the optic nerves, the hypothalamus, pituitary stalk, and right optic tract. Following the operation the child had a left homonymous hemianopia but otherwise was remarkably well, showing hardly any reaction to the procedure. A complete macroscopic removal had been performed. Histological examination of the wall showed large epithelial nests surrounded by cellular collaginous tissue. The epithelium had a mixed keratinizing and adamantinomatous appearance, and there were areas of cholesterol granuloma. Although the tumour was not frankly malignant local invasion and post-operative recurrence were anticipated in the report of Dr. A. H. Cameron.
In July 1959 he was re-admitted and a large recurrent cyst was aspirated of 120 ml. offluid containing cholesterol crystals. In the subsequent months he developed a progressive left spastic hemiparesis. In September 1961 the cyst was tapped through a burr hole, and 100 millicuries of radioactive colloidal gold in 3 ml. was introduced and mixed with the cyst contents.
He improved to some extent after this operation, but in February 1962 he was re-admitted because of excessive drowsiness which had increased over a week until he was roused only with difficulty, and spoke only with extreme persuasion. Bilateral carotid angiograms were normal. The E.E.G. showed bilateral frontal slowing. The cyst was re-aspirated but only 15 ml. of cerebrospinal fluid was obtained. A ventriculogram showed slight tilting of the lower end of the third ventricle towards the left, but otherwise was normal. The pressure was normal.
His mental state remained abnormal. Histological examination showed the wall to be composed of epidermis with calcification and with no evidence of malignancy. After this operation she improved considerably for a time but in February 1962 the cyst had recurred. It was re-aspirated and washed out and 50 millicuries of colloidal radioactive gold in 4 ml. injected.
She recovered consciousness quickly but next day developed signs of acute coryza. Her conscious level deteriorated and four days after operation she became comatose with Cheyne Stokes respiration. The cyst was again re-aspirated, 10 ml. fluid being obtained containing the radioactive gold. Sixty per cent of the radioactivity had already been emitted. Within 24 hours she had improved again and was answering questions lucidly. She was discharged on 50 mg. of cortisone daily and thyroxine 0-1 mg. daily.
During the next nine months she was noted to react violently to intercurrent infections such as a sore throat. At such times she became confused and even stuporose. She died at home in November 1962 and through the kindness of Dr. Bence a post-mortem examination limited to the brain was obtained (Fig. 4) .
The anterior limit of the tumour was just behind the optic chiasma separating the two optic tracts and here was a mass of haemorrhagic tissue with a solid nodule behind it 2 cm. vertically by 1 cm. laterally. There was a large area of old softening on the right side bordering on the dorso-lateral angle of the right lateral ventricle just dorsal to the caudate nucleus extending from the ependyma to the cortical surface. Histology showed necrosis of the tumour with some material resembling keratin recognizable in a few areas, and sometimes infiltrating surrounding cerebral tissues. Some foci showed giant foreign body cell reaction. A collagenous capsule surrounded the tumour incompletely. The cerebral arteries showed fibro-fatty intimal thickening, elastosis, medial degeneration, and fibrosis. Some branches of the middle cerebral artery showed fibrous occlusion with some evidence of recanalization. The optic tracts showed demyelination and gliosis and the floor of the third ventricle was eroded and gliotic. The medial thalamic nucleus showed gross loss of neurones, astrocyctic hyperplasia, and perivascular infiltration with chronic inflammatory cells. The white matter of the centrum semiovale and internal capsule showed microcystic degeneration and focal lipophage aggregates. Many phagocytes around the tumour contained unidentified black granules thought to be radioactive gold. The mamillary bodies were destroyed. There appeared to be fresh bleeding in the posterior part of the tumour mass.
In Dr. W. T. Smith's opinion the large area of softening was an old lesion consistent with healed infarction. Blood vessels in the vicinity showed fibrous gliosis. Throughout the cortex of the hemisphere were macroscopic foci of old gliosis and recent spongiform degeneration consistent with local ischaemia. The Sommer sector was similarly affected. The pituitary gland showed atrophy. He commented that the lesions of the adjacent brain and blood vessels were probably attributable in part to local radiation. CASE 4 A boy aged 5 years was admitted in July 1956 with a history of change of personality three months previously when he began to be restless, then careless and dirty. His concentration deteriorated, where he had before been interested and intelligent. He ceased to be affectionate. For the last month he had developed headaches and vomiting. On examination he was drowsy and unsteady in gait with a left spastic hemiparesis, increased reflexes in all four limbs, enlargement of the right pupil, and biphasic plantar responses. Investigation by ventriculogram showed a large suprasellar mass protruding into the third ventricle. Right frontal craniotomy was performed and 30 ml. of yellow fluid containing cholesterol crystals was aspirated from a suprasellar cyst. The cyst wall was separated from the hypothalamus and was apparently completely removed.
Histology of the wall showed squamous epithelium on fibrous tissue with some areas of lipogranulomatous tissue infiltrated with inflammatory cells. Post-operative progress was uneventful and he was discharged on thyroid 30 mg. b.d.
Subsequently his progress was unsatisfactory. The hemiparesis cleared up but he became more obese, and more emotionally labile and uncooperative until he even stopped attending a school for subnormal children. In May a recurrent cyst was aspirated of 35 ml. of dark yellow fluid containing cholesterol crystals and 5 ml. of radioactive gold in colloidal suspension equivalent to 115 millicuries was instilled. Post-operative progress was uneventful and he was discharged from hospital nine days later.
Subsequently he continued to be moderately obese, irritable, naughty, hyperkinetic, distractable, and apparently unable to learn any school subject, though he could memorize tunes. After a period of a few months of progressive physical deterioration with spastic quadriparesis and drowsiness amounting at times to stupor, he developed pneumonia and died on 11 September 1963.
At necropsy there was a general appearance of a Frohlich's syndrome. Examination of the brain revealed a thin-walled cyst 3 cm. in diameter occupying the suprasellar position. The pituitary gland was attached to the under surface of the cyst and had a necrotic brownish yellow appearance, the upper part apparently containing an extension of the cyst. Alongside the main cyst in the left Sylvian fissure was a cyst cavity I cm. in diameter with a shiny, silvery blue coloured wall apparently invading the overlying globus pallidus and internal capsule (Fig. 5) . The postero-medial part of the right lateral ventricle showed several smooth greyish nodules arising from the ependymal linlng and protruding into the lumen. On section these consisted of well-demarcated ectopic cortical tissue. The upper part of the aqueduct was slightly dilated and there was coning of the cerebellar tonsils through the foramen magnum. The foramina of Monro on both sides were partly occluded more particulaxly on the left side.
Histological examination showed that the cyst wall consisted of squamous epithelium with a varying amount of stratification. In the thicker parts the basal layer was cuboidal and occasionally there was reticular formation similar to that in adamantinoma. There were some nodules of ghost-like and sometimes calcified squames on the inner aspect. In December a left frontal craniotomy was performed. A large cyst containing over 150 ml. of clear yellow fluid was found inside the frontal lobe and extending under the falx to the other side. In addition, a separate cystic craniopharyngioma with brown fluid contents and cholesterol crystals was discovered above the sella between the optic nerves. Both cysts were aspirated, that in the frontal lobe was filled with air, and 0-5 ml. Steripaque was inserted in the craniopharyngioma. Radiographs afterwards showed the intracerebral cyst to be the loculated dilated anterior horn of the ventricle. The Steripaque could not be identified in distinction to the calcified wall of the cyst. In January 1963 at a second craniotomy the craniopharyngioma was tapped and 20 millicuries of radioactive gold was inserted. The ventricle was opened, and the obstruction was found to be due to another large loculus of the cyst which was aspirated. The wall between it and the inferior loculus was broken down until the purple gold suspension flowed freely between both compartments. Biopsy was taken from the cyst in the frontal lobe, and this showed only ependyma, confirming that this represented a loculated frontal horn. If craniopharyngioma can be safely destroyed by radioactive gold it will be important to institute this treatment before the condition is so advanced that the disease has caused irreversible damage. The four patients in whom the outcome has already been unsatisfactory were all in coma from the disease before treatment, and some had been in coma several times.
The alternative treatment by external radiation differs from local irradiation in two respects. External radiation cannot be restricted entirely to the cyst and inevitably irradiates considerable volumes of adjacent brain; neither can it display the extremely rapid fall off in dosage of beta radiation to confine treatment to a few millimetres only. The intracystic injection of radioactive material allows the pattern of radiation to conform to the shape of the cyst, provided the total dose to the adjacent neural tissue can be kept to safe levels. The continued satisfactory progress without neurological change in the case receiving only 20 millicuries of radioactive gold suggests that the method may be safe and effective at lower dosage levels. It is abundantly clear that a dose of 100 millicuries irrespective of the size of the cyst damages the hypothalamus far in excess of tolerance. Case 3, in which the material was aspirated four days after injection, received a radiation dose equivalent to approximately 30 millicuries: but even so cerebral deterioration occurred within a few weeks and death within nine months, and at necropsy destruction of a long-standing cyst was apparently complete. It is probable that radiation played a smaller part in brain damage in this case but the local reaction from the initial 50 millicuries of radio-gold proved more than pressuredamaged neural tissue adjacent to the cyst could tolerate. Experience with radioactive colloidal gold at other sites suggests a possible explanation of the high dose effects noted in this series in that a specimen of pleural effusion or ascitic fluid taken three days after injection of 300 millicuries shows an unexpectedly low level of radioactivity, and we now believe that the colloidal nature of the radioactive gold is lost soon after injection. The material lost from suspension accumulates evenly or unevenly on the lining. Such a change will have no effect on the gamma dose at a depth of more than 3-8 mm. but will markedly increase the beta radiation dose within this distance, especially should the material accumulate in an irregular fashion. Even so it is difficult to explain brain injury at a depth of more than 0 5 cm. from the lining of a 4 0 cm. cyst as a pure effect of radiation, for beyond this point the neural tissue receives a dose far lower than that given by Kramer et al. (1961) even when allowance is made for the difference in overall time of treatment. Accepting then that the gamma dose is well within the tolerance of neural tissue in the vicinity of a cystic craniopharyngioma, and that the beta dose is confined to a maximum depth of 3-8 mm., some other explanation of the more remote damage must be sought. The intense beta radiation of the cyst lining must cause rapid necrosis of cells, an effect which would extend into adjacent normal neural tissue if necrotic weaknesses in the cyst lining permitted the escape of radioactive material as judged by postmortem appearances in cases 1 and 4. The presence of necrotic brain tissue might promote an aseptic inflammatory process in the adjacent hypothalamus resulting in the fibrous gliosis and demyelinization described at necropsy. In case 3, however, not only were these changes marked in the vicinity of the cyst in the hypothalamus, but they were also noted as patches of destruction elsewhere in the brain. This patient was hypertensive, but in view of the latter finding it is possible that the presence of necrotic brain tissue initiated an auto-immune response in more distant parts of the brain, with resulting demyelination and gliosis. Such a view is supported by the disproportionate severity of the histological changes when related to the radiation dose given, the absence of any vascular changes such as are seen in radiation overdosage of brain, and by the rapid appearance of mental changes in two cases within a period of weeks as opposed to the usual intervals of many months when this region of the brain is damaged by radiation.
Since vascular insufficiency has been found by Asscher and Anson (1962) to render brain tissue more vulnerable to the effects of irradiation, this represents another factor which may predispose these patients to suffer disproportionate changes in areas affected by the ischaemia of either compression or hypertension.
There is one further reservation about the method in that the cystic mass may be multiocular. It can be determined by aspiration whether the main cyst has been tapped and tiny separate loculi will be dealt with by the radiation. A sizeable secondary cyst might cause recurrence, however, and in our series such a secondary cyst has occurred in the same situation in three of the cases, viz., above the main cyst, veering to one side of the midline, protruding from the floor of the anterior horn of the lateral ventricle in proximity to the foramen of Monro which may be obstructed by it. It would seem to be worthwhile to pay particular attention to this area in the ventriculogram and at operation. If the cyst protrudes into the lateral ventricle a cannula should be passed separately into this part of the cyst, if necessary by opening the ventricle. By this means it can be determined if the characteristic purple fluid of the colloidal gold is retrievable. If not further gold should be inserted, or the wall between it and the main cyst should be broken down to allow the radioactive suspension to flow into the second cyst.
SUMMARY AND CONCLUSIONS
The instillation of radioactive gold has been used in the treatment of five cases of craniopharyngioma, and when subsequently available the tumours have been carefully studied at post-mortem examination.
Evidence has been presented which indicates that the instillation of a dosage of 50 to 100 millicuries may damage brain tissue as well as destroying the cyst wall, and it is concluded that this dosage is excessive. If local instillation is used in future it is recommended that the dosage should be confined to something in the region of 10 to 15 millicuries. Before local treatment is undertaken, however, careful consideration should be given to the excellent results reported by Kramer et al. (1961) , using external radiotherapy. There may yet be a useful place for the method of local instillation where the tumour consists of one or more large cysts which are accessible. Such a method could conceivably be combined with external irradiation or be followed by such irradiation in 
